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Thirty-one trained male subjects performed one-repetition maximum lifts (IRM's) on
three Hammer Strength Externally Loaded Machines and three comparable Free Weight
Exercises. All tests were counterbalanced and randomly assigned. Subjects performed
two 1RM tests during each lab session, with at least 48-72 hours of recovery between
each. IRM's were recorded as the greatest amount of weight lifted with proper technique.
1RM data was used to (1) determine the relationship between 1RM performed on
Hammer Strength machines versus Free Weights and (2) to develop regression equations
that can accurately predict IRM's when switching from one exercise modality to another.
Statistics revealed significant differences (p<0.05) between IRM's performed on the
Hammer Strength equipment as compared to its counterpart free weight exercise. For all
exercises, IRM's were significantly greater/higher on Hammer Strength equipment.
Regression equations were developed for all exercises, except when predicting the
Hammer Strength shoulder press and the Hammer Strength Preacher Curls from their free
weight counterparts, where no variables existed that could significantly predict their
respective IRM's.
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Chapter One
Introduction
Strength training has been recognized by the American College of Sports Medicine,
American Heart Association and the Surgeon General as a key component of physical
fitness programs (Neiman 2003). Not only has strength training become an integral part
of athletic conditioning and personal physical enhancement but also it is needed to
maintain ones quality and quantity of life (Tseng et al 1995). Because of the benefits of
strength training, it has become one of the most popular forms of exercise to improve
physical fitness (Fleck et al 2004).
Statement of the Problem
The purposes of this study will be (1) to determine the relationship between 1RM
performed on Hammer Strength machines versus Free Weights and (2) to develop
regression equations that can accurately predict 1RM when switching from one exercise
modality to another.
Hypotheses
The hypotheses of this study are (1) that 1 RM's will be greater on Hammer Strength
equipment compared to free weights; (2) that in addition to one's 1 RM on a given
modality there will be anthropometric characteristics that are significant predictors of
one's 1RJVI on another modality of the same basic movement; and (3) that regression
equations can be developed using these predictors so that one may more accurately lift a
given percentage of their 1 RM based on what modality they are using.
Significance of the Study
Strength and Conditioning Specialists, personal trainers and fitness professionals
prescribe resistance-training programs based on a percentage of an individual's one-
repetition maximum (1RM). The 1RM is considered the "gold standard" of dynamic
strength testing (Balady et al 2000). The 1RM is defined as the greatest amount of
weight that can be lifted with proper technique for only one repetition (Bachle et al 2000).
Prescribing exercise using a percentage of a 1RM is extremely important, because certain
adaptations occur (muscular endurance, hypertrophy, strength) depending on the
percentage of 1RM prescribed (Fleck et al 2004). The fitness professional may choose to
estimate or actually measure an individual's strength level depending upon training status
(Bachle et al 2000). However, 1RM testing can be time consuming (Earle 1999) and
requires considerable mental preparation by the lifter. By developing regression
equations that allow for more accurate transition from one modality to another, a fitness
professional will be much more effective in prescribing proper exercise and, perhaps
more importantly, decreasing risk for injury to the participant due to overestimation of
one's 1RM on a given modality.
Delimitations
The study was delimited to 31 male Western Kentucky University students.
Subjects that had been participating in a structured resistance-training program for at least
three months.
Subjects that had no medical history which prevented them from full participation in this
type of study.
Subjects that were not taking any medication nor any type of ergogenic aid that would
affect the results of this study.
Subjects that agreed to maintain their normal amount of activity throughout the study.
Subjects that could complete each of their trials at the same time each testing day.
Limitations
The study was limited to
Volunteers.
Subjects' daily activity.
Subjects' resistance-training experience.
The effort that each subject was willing to put forward.
The honesty of each subject when completing the resistance-training questionnaire.
The time of day each subject was able to perform the test.
Assumptions
The assumptions of the study were that
Each subject knew and followed the guidelines of the study.
Each subject gave maximal effort during each test.
Each subject was completely honest when completing the resistance-training
questionnaire.
The 1 RM protocol used for each test was valid.
The instruments used for testing were valid and reliable.
Definition of Terms
Ergogenic Aid - Any substance that helps enhance energy utilization and performance in
the body.
Free Weight - A weight that is not attached to another structural device and is raised and
lowered by use of the hands and arms.
Hammer Strength Machine — A structural machine that controls the arc of the lifter's
movement. Weights are externally loaded to increase resistance.
Hypertrophy - An enlargement in the size of a muscle.
One Repetition Maximum - The greatest amount of weight that can be lifted through a
given range of motion with proper technique for only one repetition.
Chapter Two
Review of Literature
An abundance of research has established equations to accurately predict a 1RM from
a sub-maximal load being lifted in untrained women (Cumming et al 1998, Rose et al
1992), trained women (Mayhew et al 1992, Horvat et al 2003), adolescent males
(Mayhew et al 1993), trained males (Mayhew et al 1992), and male class athletes
(Morales et al 1996, Chapman et al 1998, Mayhew et al 1999, Ware et al 1995, Mayhew
et al 1995). These predictions are very valuable and contribute by providing valid
prediction equations (LeSuer et al 1997, Mayhew et al 2002, Whisenant 2003) that saves
time for the fitness professional. These equations also benefit the lifter by not requiring a
maximal lift and possibly reducing the risk of injury because maximal stress is not put
upon the musculoskeletal system (Mazur et al 1993, Madsen 1984). However, the sub-
maximal load is only specific to the exercise being performed and the apparatus on which
it was executed.
Trial and error and a person's resistance training experience usually determine
equivalent workloads for different modes. It is exceptionally difficult to equate
workloads (Stone et al 1987) due to the lack of information regarding the correlation
between maximal lifts on different exercise modalities using the same musculature. To
date, there are three studies that provide prediction equations when switching exercise
modalities (Cotterman et al 2005, Willardson et al 2004, Simpson et al 1997). Cotterman
et al (2005) compared muscle force production using the Smith machine and free weights
for the bench press and squat. The authors found differences between free weight and
Smith machine IRM's for both the bench press and squat. For all participants, the Smith
machine 1RM squat was greater than the free weight squat and the free weight bench
1RM was greater than the Smith machine 1RM. However, when controlling for gender,
the Smith machine squat 1RM was only higher for the females, while males showed no
difference. Regression equations were appropriately developed for women only on the
squat exercises and for both men and women for the bench press exercises. Willardson et
al (2004) predicted a 10RM for the free weight parallel squat based upon an individual's
10RM using a 45° angled leg press. Novice and trained males participated in this study
and regression equations were developed for each training status and for the entire
training population as a whole. Simpson et al (1997) compared IRM's between free
weight and Universal machines. Both men and women performed IRM's on Universal
Bench Press vs. Free Weight Bench Press, and on Universal Leg Press vs. Free Weight
Parallel Squat. Eight prediction equations were developed to accurately predict IRM's
from either free weight to universal machines or vice versa. These prediction equations
help fitness enthusiasts by accurately estimating a 1RM based upon one's performance
when using a different type of exercise equipment, by providing a more time efficient
1RM estimation, and by giving valuable information to individuals incorporating more
than one type of exercise apparatus into their training. For example, one could predict a
1RM on a machine chest press after obtaining or predicting a 1RM on a free weight
bench press. Theoretically, 1RM testing may be performed on all muscles of the body,
and prediction equations can be developed to save time and reduce the risk of injury
when switching from one exercise modality to another. Practically speaking, it would be
extremely beneficial to develop a quantitative method of determining equivalent
workloads for different modes. Additionally, there is no research examining the
relationship between Hammer Strength equipment, which is a commonly used brand of
resistance training equipment in many training facilities, to free weight exercises.
Chapter Three
Methods and Procedures
Subjects
Thirty-one trained male subjects participated in this study. "Trained" status was
determined as engaging in a structured resistance-training program for at least 3 months.
However, the subjects' average training experience was 4.3 ± 2.7 years. All subjects
signed an informed consent, PAR-Q and were classified as "low risk" according to
ACSM (2006) before participating. The Human Subjects Review Board of Western
Kentucky University approved all procedures and protocols.
Subjects' physical characteristics are summarized in Table 1. All descriptive data was
taken on the first day of testing. Subjects' height and weight was measured on a
Healthometer 402KL Physician Mechanical Balance Beam Scale while fully clothed with
the exception of shoes. ACSM standards were used to calculate body composition using
a 3-site formula (chest, abdomen, thigh) with Lange Skinfold Caliper Model 68902,
Country Technology, Inc. Waist-To-Hip Circumference was measured using a Body
Tape Measure 85410 in accordance with ACSM guidelines (Balady et al 2000). Grip
Strength was assessed using a hand held TAKEI KIKI KOGYO Grip Dynamometer as
detailed by the Canadian Standardized Test of Fitness Operations Manual 3rd Edition.
Subjects were then given verbal descriptions on correct exercise techniques and the
criteria validating a successful lift was explained. A low- intensity specific warm-up (no
weight) first set was observed to correct any biomechanical errors. Three testing sessions
were required to complete a total of six IRM's, with each session requiring 48-72 hours
of recovery. All sessions were counterbalanced and subjects were maximally tested on
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two different exercise modalities in random order at each testing session. IRM's were
performed only on the upper body musculature (pectoralis major, deltoids, biceps brachii).
Free weight exercises included: Free Weight Flat Barbell Bench Press (FWBP), Free
Weight Seated Dumbbell Overhead Press (FWOP), Free Weight Bilateral Preacher Curl
(FWPC). Hammer Strength externally plate loaded exercises included: Iso-Lateral Wide
Chest Press (HSCP), Iso-Lateral Shoulder Press (HSSP), Seated Bicep Curl (HSBC).
Ivanko Rubber Encased Plate w/Rubber Encased End Plate Dumbbells were used for
FWOP. A Pro Power PP325 Multi-Purpose Bench, Pro Industries Inc., was used for
FWOP. Ivanko Olympic Calibrated Competition Weightlifting Disc plates were used on
a Standard 451b Olympic Test Bar to test FWBP. FWBP testing took place on a PP105
Supine Bench Press. FWPC took place on an FW 1222 Standing Preacher Curl, Body
Masters Inc. ton Grip Iron Olympic Plates were used on all Hammer Strength
Equipment.
1RM Protocol
The 1RM testing was conducted according to guidelines established in prior research
by Earle (1999). All subjects performed a warm-up set of approximately 50% of then-
perceived 1RM for 10 repetitions. A one minute recovery was given, then a second set
was performed approximately 75% 1RM for 5 repetitions. Following a 2-minute
recovery, a third set followed at approximately 90%, allowing 3 repetitions. After a 4-
minute rest period, 1RM were tested with increments of 5 - 10 lbs to maximal exertion.
A 4-minute recovery was given between each maximal attempt. All rest intervals were
timed using an Accusplit 60IX stopwatch. The most weight lifted successfully and
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meeting all criteria was recorded as the 1RM. For all lifts, subjects used slow and
controlled movements, and exhaled on exertion.
Exercises
Free Weight Bench Press
Subjects were allowed to select their own hand positioning to increase applicability.
However, it has been reported by (Wagner et al 1992), that bench strength is significantly
higher at 165% of bioacromial breadth. Subjects were instructed to lie supine and
position their body to achieve a 5 point contact body position consisting of the
• Head,
• Shoulders/Upper back area,
• Buttocks firmly and evenly placed on the bench and
• Both feet shoulder width on the floor
and were not allowed to move from this position for the duration of their lift. The
subjects were allowed a lift off by a spotter. The eccentric component of the exercise
began by lowering the bar slowly and controlled towards the chest. Upon the bar
contacting the chest, the concentric component began and continued until the elbows
were fully extended. If any of the above criteria were not met, the lift was considered
invalid.
Hammer Strength Iso-Lateral Wide Chest
Subjects were again allowed to select their preferred hand positioning. The seat was
then adjusted so that an imaginary line connecting the handles would cross the chest at
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nipple level. The 5-point contact body positioning was the same as the FWBP. Subjects
received assistance on the initial concentric portion of the lift. The initial concentric
assistance was done to validate a full repetition as was conducted for the FWBP. The
weight was then lowered slowly and controlled towards the chest; once the elbow joint
was even with the shoulder joint, the lifter pushed the weight forward until the elbows
were fully extended.
Free Weight Dumbbell Shoulder Press
Subjects were instructed to sit upright and position both feet flat on the floor.
Assistance was given to raise the dumbbells from the thighs to shoulder level. The
dumbbells were then turned to place the handles in line with one another. Subjects
received assistance on the initial concentric portion of the lift to account for a full
repetition (eccentric/concentric). The subjects slowly lowered the dumbbells in a
controlled manner, until the weights were even with the top of the shoulders/base of the
neck with the forearms parallel to each other and perpendicular to the floor. Dumbbells
were then pressed upward and slightly toward each other in a triangular fashion. The
subjects were instructed to not deviate from their initial starting position. The dumbbells
were driven to full elbow extension and touched together to constitute a successful
repetition.
Hammer Strength Iso-Lateral Shoulder Press
Seat height was adjusted so that an imaginary line connecting each handle crossed
atop the shoulders and so that the thighs were approximately parallel to the floor. The 5-
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point body position was held throughout this lift. A spotter assisted the subject on the
initial concentric portion of the lift. Elbows were then flexed, allowing the handles to
lower slowly and under control until they were approximately at shoulder level. The
weight was then accelerated upwards, maintaining the 5-point body position, until the
elbows were fully extended.
Free Weight Preacher Curl
The preacher curl height was adjusted to lower chest/upper abdomen level. An inner
pronated grip was used on the Olympic Curl Bar to closely resemble the grip of the
HSBC. The subjects received assistance on the initial concentric lift. The bar was then
slowly lowered and under control until full elbow extension. Once full extension was
achieved, the subject began raising the bar to full elbow flexion. The subject's triceps
and lower chest/upper abdomen remained in contact with the preacher curl pads
throughout the lift.
Hammer Strength Seated Bicep Curl
The seat height was adjusted so that the preacher curl pads were approximately at the
lower chest/upper abdomen level. The subjects received assistance on the initial
concentric lift. The bar was then slowly lowered and under control until full elbow
extension. Once full extension was achieved, the subject began raising the bar to full
elbow flexion. The subject's triceps and lower chest/upper abdomen remained in contact
with the preacher curl pads throughout the lift.
Chapter Four
Results
Subjects' physical characteristics are summarized in Table 1. All subjects had
participated in a resistance training program for at least 3 months (4.3 + 2.7 yrs).
Subjects' performance characteristics are illustrated in Table 2. There were significant
differences (p<0.05) between IRM's performed on the Hammer Strength equipment
compared to its counterpart free weight exercise. For all exercises, IRM's were
significantly greater/higher on Hammer Strength equipment. Correlations were
calculated to determine the strength of the relationship when switching from one exercise
modality to another. Correlations were significant for all tests when predicting a 1RM
for Hammer Strength equipment from free weight exercises.
Regression equations were developed to determine equivalent workloads for Hammer
Strength equipment and free weight exercises (Table 3). Selected variables for each
exercise were used in a forward linear regression to determine which variables explained
the most variance to predict 1RM. When predicting Hammer Strength shoulder press and
Hammer Strength preacher curl from their respective counterpart free weight mode, the
1RM explained the greatest percentage of the variance for the 1RM on the opposite mode.
Body weight and 1RM on the free weight bench were significant predictors of Hammer
Strength Bench 1RM. When predicting a free weight bench press 1RM from a Hammer
Strength Bench 1RM, body fat, body weight and Hammer Strength Bench 1RM were all
significant predictor variables. However, when predicting free weight shoulder press and
free weight preacher curls from their Hammer Strength counterparts, there were no
variables that could significantly predict their respective IRM's.
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Chapter Five
Discussion
The findings in this study are in line with previous research (Cotterman et al 2005,
Simpson et al 1997, Willardson et al 2004), with individuals having greater 1RM on
machine-based equipment as compared to a free weight exercise with movement
specificity. It was hypothesized that IRM's on Hammer Strength equipment would be
significantly greater than its comparable free weight 1RM. It is believed that a reduced
need for balance and less muscle activity contributed toward stabilization, allowing more
force to be applied in the linear path of Hammer Strength Machines. While both
exercises that were compared involved maximum force production of the same muscles,
the movement patterns were distinctly different. A HSCP (hammer strength chest press)
keeps the individual in an upright position, while a free weight bench press is performed
while in a supine position. Also, a HSCP has a horizontal movement pattern while a free
weight bench requires a vertical press. Because of the vertical press, the force of gravity
is acting against the force of the lifter, possibly causing less weight to be lifted as
compared to a horizontal press where gravity would not be as disadvantageous. A
limitation of this exercise was comparing a unilateral HSCP to a bilateral free weight
bench press. Results may have been different if the free weight dumbbell bench press
was compared to the HSCP because both movements would then be unilateral. However,
the poundage of dumbbells was not significant enough for individuals to achieve a 1RM.
The HSSP (hammer strength shoulder press) allows the individual to slightly lean back as
compared to a 90° upright chair that was used for the free weight dumbbell shoulder
press. Both of these movements were unilateral, but because of the slight backward lean
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on the HSSP, it is hypothesized that the pectoralis minor may have contributed to force
production, allowing more weight to be lifted. Whereas on the 90° upright FWSP, the
majority of the stress was placed on the deltoids and because of less muscles being
recruited, IRM's were less. HSBC (hammer strength bicep curl) and FWPC (free weight
preacher curls) were very similar movements, which resulted in the smallest differences
in IRM's. Since the movement patterns were so specific, as stated above it was
hypothesized that the reduced need for balance allowed HSBC IRM's to be greater than
FWPC.
Practical Application
Fitness centers offer many different types of resistance training equipment (Free
weights, Selectorized Machines, Externally Loaded Machines). As recommended by
ACSM, a beginner resistance trainer may begin with 8-10 exercises that target the major
muscle groups (chest, back, shoulders, abdomen, hips and legs). However, as one
becomes more advanced, or depending on the individual goals, other exercises will need
to be performed to further elicit strength, hypertrophy or endurance gains. This study
provides regression equations for individuals looking to further advance their resistance-
training program by including the tested free weight and/or Hammer Strength exercises.
These equations will improve time efficiency when switching exercise modalities,
especially if the Fitness Professional prescribes exercise intensity based upon the percent
of a 1RM. Instead of spending valuable time testing the client for a 1RM, these equations
will allow the Fitness Professional to accurately predict a 1RM. These results also allow
for increased safety when switching exercises. As reported by Simpson et al. (1997)
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there were significant differences between the Universal Leg Press and the Free Weight
Parallel Squat. Therefore, the regression equations from past studies and from this study
will increase the safety of the lifter when switching exercises modalities and increase the
accuracy of predicting a 1RM. Future research may include similar procedures that
compare free weight movements with any type of resistance exercise equipment.
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INFORMED CONSENT DOCUMENT
Project Title: Hammer Strength vs Free Weights. Upper Body 1RM Comparisons
Investigator: Matthew Thoma, Im/Rec, 745-6531
You are being asked to participate in a project conducted through Western Kentucky
University. The University requires that you give your signed agreement to participate in
this project.
The investigator will explain to you in detail the purpose of the project, the procedures to
be used, and the potential benefits and possible risks of participation. You may ask
him/her any questions you have to help you understand the project. A basic explanation
of the project is written below. Please read this explanation and discuss with the
researcher any questions you may have.
If you then decide to participate in the project, please sign on the last page of this form in
the presence of the person who explained the project to you. You should be given a copy
of this form to keep.
Purpose of the study:
1RM - the greatest amount of weight that can be lifted with proper technique for only one
repetition.
One purpose of the proposed study will be to determine the relationship between 1RM
performed on Hammer Strength machines versus free weights.
A second purpose of this study is to develop regression equations that can accurately
predict 1RM when switching from one exercise modality to another.
A third purpose of this study is to predict a non-exercise 1RM prediction equation based
on the subject's descriptive data and his/her resistance training regimen questionnaire.
Requirements: As a volunteer in this research project you will be asked to do the
following:
1) Perform 3 lab sessions allowing 48-72 hours of rest between each session. Lab
sessions and exercise selection will be counterbalanced and randomized.
Lab session A: 1RM on the following exercises:
Free Weight Bench Press
Hammer Strength Preacher Curls
Lab session B: 1RM on the following exercises:
Hammer Strength Shoulder Press
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Free Weight Preacher Curls
Lab session C: 1RM on the following exercises:
Hammer Strength Chest Press
Free weight shoulder Press
YOU SHOULD NOT PARTICIPATE IF YOU:
1 - ARE TRYING TO CONCEIVE CHILDREN
2 - YOU ARE TAKING DRUGS (PRESCRIPTION OR ANY OTHER)
3 - HAVE A FAMILY HISTORY OF HEART, VASCULAR, OR KIDNEY
DISEASE.
4 - YOU HAVE ANY MUSCULAR OR SKELETAL PROBLEM(S)
The trials will be completed on 3 days separated by 48-72 hours and will be as follows:
Session A
During this session, descriptive data will be collected. This will include age,
height, weight, waist & hip circumference and bodyfat. You will then be asked to
fill out a survey regarding your current resistance-training regimen. Following
the collection of lab data, you will be randomly selected to perform a 1RM on the
following exercises in accordance with the 1RM testing protocol:
A.) Hammer Strength Shoulder Press
B.) Free Weight Bench Press
Session B
During this session you will perform a 1RM on the following exercises in
accordance with the 1RM testing protocol.
C.) Hammer Strength Seated Chest Press
D.) Free weight preacher curl
Session C
During this session you will perform a 1RM on the following exercises in
accordance with the 1RM testing protocol.
E.) Free weight shoulder press
F.) Hammer Strength Preacher Curls
During all sessions you will also be required to wear a heart rate monitor around your
chest near the area of your sternum (breastbone). The monitor resembles a small belt.
During all exercise sessions you will also be asked to tell testers a number for how
difficult the exercise feels. Also, you should expect to experience, increased heart rate,
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possible lightheadedness, sore muscles and other uncomfortable symptoms associated
with maximal physical exertion.
1) At the beginning of your first exercise session you will be measured for descriptive
data (age, height, weight, and percent body fat). Percent body fat will be estimated by
measuring skin fold thickness at your chest, abdomen, and thigh. This process requires
testers to pinch your skin and use a small device to measure the thickness of the pinched
skin.
2) Prior to participation you MUST complete a questionnaire tool for classifying your
level of risk, and the informed consent. These forms will be used to evaluate the safety
of your participation as well as your willingness to participate. Any questions you may
have about your participation or the forms you complete are welcomed and will be
answered to your satisfaction. If these forms indicate it may not be safe for you to
participate, the information will be confidential, however, you will not be allowed to
continue.
Risks Due to Participation
Potential risks to your health and well-being because of your participation include 1)
cardiovascular injury (heart attack, stroke, death), 2) severe acute fatigue, 3)
lightheadedness, dizziness, nausea, 4) muscle soreness, 5) all other possible risks
associated with physical exertion and exercise.
T h e American College of Sport Medicine (2000) suggests the following regarding the
potential for risk/injury as the result of participating in an exercise tests
Risk of Death during or immediately after < 0.01 % (1 in 10,000)
Risk of heart attack during or immediately after < 0.04% (4 in 10,000)
Risk of hospitalization as a result of testing < 0.2% (2 in 1,000)
* Because your health history and current lifestyle habits have been evaluated prior to
your participation, and because of the nature (resistance training) of the exercise in this
study, your risk is likely lower than those described above.
Safety of Participation
We will take every precaution to ensure your safety. It is very important that you fully
disclose anything that would increase your risk for exercise. IT IS IMPORTANT THAT
YOU DO NOT CONSUME HEAVY FOODS FOR APPROXIMATELY 3 HOURS
PRIOR TO EACH LAB SESSION. DRINK PLENTY OF FLUIDS AND AVOID
ALCOHOL FOR 24 HOURS BEFORE PARTICIPATING IN THE EXERCISE
TRIALS. ALSO, YOU SHOULD REPORT TO THE LAB EACH TIME
WELL-RESTED (NO STRENUOUS EXERCISE FOR 48 -72 HOURS PRIOR TO THE
LAB SESSION). Also, do not 1) take medication of any kind; 2) consume any caffeine
the days when you are participating.
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IF YOU FEEL ILL AT ANY TIME DURING, BEFORE OR AFTER THIS STUDY
LET THE INVESTIGATORS KNOW IMMEDIATELY!! IF YOU ARE TRYING TO
CONCEIVE CHILDREN, YOU SHOULD NOT PARTICIPATE IN THE STUDY!!
Benefits of Participation
Benefits to you by participating in this research project are information regarding
your height, weight, and percent body fat. Other benefits will include your 1RM
on six different exercises. From this data, you can construct a well-designed and
effective resistance-training protocol to meet your specific goals. The
information may also serve as pre-test data to monitor the effectiveness of your
resistance-training program. The study will provide correct exercise technique
and provide a 1RM Testing Protocol for future use. Also the project will extend
the knowledge regarding the comparison between different exercise modalities.
Right to Withdraw
It is your right to withdraw from the study at any point in time with no penalty.
Withdrawing from the study will not adversely affect you in any manner. Refusal to
participate in this study will have no effect on any future services you may be entitled to
from the University. You should also understand that the investigator might ask you to
withdraw from the study.
Privacy
All IRM's will be completely confidential. Your participation in the study will not be
recognized nor will any personal information about you be made public. Only the
primary investigator will have access to any personal information throughout the study.
Should data be presented it will only be presented as group data and individual results
will NOT be reported.
Voluntary Consent
If you fully understand what will be asked of you (should you decide to participate),
please read and sign the following statement:
I freely and voluntary and without undue inducement or any element of force, fraud, or
deceit, or any form of coercion, consent to be a subject in this research project. I
understand that my participation is strictly voluntary and that I am free to withdraw my
consent and discontinue participation at any time without penalty or prejudice. I also
understand that my confidentiality will be protected and that my name will not be
associated with the study results. I have been given the right to ask and have answered
any questions that I may have regarding this research. I also understand that any other
questions that I may have regarding this research or any procedure may be addressed to
Dr. Scott Lyons in the Department of Physical Education and Recreation (745-6035). If
you are uncomfortable contacting Dr. Lyons in the Physical Education Department, you
may contact Dr. Phillip Myers in the Office of Sponsored Programs (745-4652) who is a
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member of the Western Kentucky University Review Board for the Protection of Human
Subjects. I have read and understand the above.
Name (please print):
Signature: Date:
Address: Telephone #:
Witness Date:
(Consent form continued)
You understand also that it is not possible to identify all potential risks in an
experimental procedure, and you believe that reasonable safeguards have been taken to
minimize both the known and potential but unknown risks.
Signature of Participant Date
Witness Date
THE DATED APPROVAL ON THIS CONSENT FORM INDICATES THAT
THIS PROJECT HAS BEEN REVIEWED AND APPROVED BY
THE WESTERN KENTUCKY UNIVERSITY HUMAN SUBJECTS REVIEW BOARD
Dr. Phillip E. Myers, Human Protections Administrator
TELEPHONE: (270) 745-4652
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Resistance Training Questionnaire
Name: Subject #:
Please fill in the following blanks:
1.) I resistance train times per week.
2.) I train my upper body times per week.
3.) I train my lower body times per week.
Comments:
Please complete the following statements
1. My training program consist of total sets for each muscle.
I perform exercises for each muscle.
My Rep Range is repetitions per set.
2. I do not keep track of my training, as I train for health benefits.
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Table 1: Subjects' Physical Characteristics
Age (yrs) '
Height (cm)
Weight (kg)
Bodyfat (%)
Grip Strength (kg)
Waist/Hip Ratio
23.25 ±2.12
180.66 ±5.30
92.41 ± 13.21
12.6 ±6.6
111.61 ±12.98
.90 ± .098
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Table 2: One-repetition maximums (IRM's)
Hammer Strength
Bench Press (HSCP)
Free Weight
Bench Press (FWBP)
Hammer Strength
Overhead Press (HSOP)
Free Weight
Shoulder Press (FWSP)
Hammer Strength
Preacher Curl (HSPC)
Free Weight
Preacher Curl (FWPC)
397.419152.4860
272.226 ±51.1884
116.532123.4403
74.667119.2326
125.000 + 20.0832
96.016117.0467
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Table 3: Mode to mode regression equations for 1 RM values
1RM (HSBP) = 1.005 (FWBP) - 1.168 (body weight kg) + 231.805
(HSSP) =1.019 (FWSP) + 40.468
(HSPC) = 1.062 (FWPC) + 22.984
(FWBP) = .695 (HSBP) -2.354 (bodyfat %) + 2.271 (body weight kg) - 183.985
31
References
Balady GJ, Berra KA, Golding LA, Gordon NF, Mahler DA, Myers JN, Sheidahl LM
(2000). ACSM's Guidelines for Exercise Testing and Prescription. Sixth Edition.
United States: A Wolters Kluwer Company, pp 81.
Chapman PP, Whitehead JR, Binkert RH (1998). The 225-lb Reps-to-Fatigue Test as a
Submaximal Estimate of 1-RM Bench Press Performance in College Football Players. J.
Strength Cond. Res. 12(4), 258-261.
Cotterman ML, Darby LA, Skelly WA (2005). Comparison of Muscle Force Production
Using the Smith Machine and Free Weights for Bench Press and Squat Exercises. J
Strength Cond. Res. 19(1), 169-176.
Cummings B, Finn KJ (1998). Estimation of a One Repetition Maximum Bench Press
for Untrained Women. J. Strength Cond. Res. 12(4), 262-265.
Earle RW (1999). Weight Training Exercise Prescription. In: Essentials of Personal
Training Symposium Workbook. Lincoln, NE: NSCA Certification Commission.
Fleck SJ, Kreamer WJ (2004). Designing Resistance Training Programs. Champaign,
IL: Human Kinetics, pp 170
Horvat M, Ramsey R, Franklin C, Gavin C, Palumbo T, Glass LA (2003). A Method for
Predicting Maximal Strength in Collegiate Women Athletes. J. Strength Cond Res.
17(2), 324-328.
LeSuer DA, McCormick JH, Mayhjew JL, Wasserstein RL, Arnold MD (1997). The
Accuracy of Prediction Equations for Estimating 1-RM Performance in the Bench Press,
Squat and Deadlift. J. Strength Cond. Res. 11(4), 211-213.
Madsen N, McLaughlin T (1984). Kinematic factors influencing performance and injury
risk in the bench press exercise. Med. Sci. Sports Exer. 16: 376-381.
Mayhew JL, Ware JS, Cannon K, Corbett S, Chapman PP,
Bemben MG, Ward TE, Farris B, Juraszek J, Slovak JP (2002). Validation of the NFL-
225 test for predicting 1-RM bench press performance in college football players.
J Sports Med Phys Fitness. 42(3):304-8.
Mayhew JL, Ware JS, Bemben MG, Wilt B, Ward TE, Farris B, Juraszek J, Slovak JP
(1999). The NFL-225 Test as a Measure of Bench Press Strength in College Football
Players. J Strength Cond. Res. 13(2), 130-134.
32
Mayhew JL, Printer JL, Ware JS, Zimmer DL, Arabas JR,
Bemben MG (1995). Muscular endurance repetitions to predict bench press strength in
men of different training levels. J Sports Med Phys Fitness. 35(2): 108-13.
Mayhew JL, Ware JR, Prinster JL (1993). Using Lift Repetitions to Predict Muscular
Strength in Adolescent Males. National Strength and Conditioning Association Journal.
15(6), 35-38.
Mayhew JL, Ball TE, Arnold MD, Bowen JC (1992). Relative Muscular Endurance
Performance as a Predictor of Bench Press Strength in College Men and Women. Journal
of Applied Sport Science Research. 6(4), 200-206.
Mazur Lj, Yetman RJ, Risser WL (1993). Weight Training Injuries: Common injuries
and preventive methods. Sports Med. 16: 57-63.
Morales J, Sobonya S (1996). Use of Submaximal Repetition Tests for Predicting 1-RM
Strength in Class Athletes. J. Strength Cond. Res. 10(3), 186-189.
Neiman D (2003). Exercise Testing and Prescription. New York: McGraw-Hill
Companies, Inc pp253.
Rose K, Thomas BE (1992). A Field Test for Predicting Maximum Bench Press Lift of
College Women. Journal of Applied Sport Science Research. (6)2, 103-106.
Simpson SR, Rozenek R, Garhammer J, Lacourse M, Storer T (1997). Comparison of
One Repetition Maximums Between Free Weight and Universal Machine Exercises. J.
Strength and Cond. Res. 11(2), 103-106.
Stone M, O'Bryant H (1987). Weight Training: A Scientific Approach. Minneapolis:
Burgess.
Tseng BS, Marsh DR, Hamilton MT, Booth FW (1995). Strength and aerobic training
attenuate muscle wasting and improve resistance to the development of disability with
aging. J Gerontol A Biol Sci Med Sci. 11(50), 113-119.
Ware JS, Clemens CT, Mayhew JL, Johnston TJ (1995). Muscular Endurance
Repetitions to Predict Bench Press and Squat Strength in College Football Players. J
Strength Cond Res. 9(2), 99-103.
Wagner L, Evans S, Weir J, Joush T, Johnson G (1992). The effect of grip width on
bench press performance. Int. J. Sport Biomech. 8, 1-10.
Whisenant MJ. Panton LB, East WB, Broeder CE (2003).
Validation of submaximal prediction equations for the 1 repetition maximum bench press
test on a group of collegiate football players. J Strength Cond Res. 17(2):221-7.
